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(57) ABSTRACT

Generating a clock signal includes: at a root node of a clock
distribution network, receiving a first clock signal generated
based on areference clock signal; ata first leai node, detecting,
a reference event associated with the reference clock signal
and generating a synchromizing signal; passing the synchro-
nizing signal from the first leal node to the root node; at the
root node, generating a second clock signal from the first
clock signal synchronized to the synchronizing signal, and
distributing the second clock signal to the leaf nodes. Gener-
ating the second clock signal includes selecting a repeating
pattern of cycles of the first clock signal including fewer than
all of the cycles of the first clock signal, and at least every
cycle of the first clock signal that i1s shifted 1n time by a

propagation delay with respect to a rising edge of the refer-
ence clock signal.

16 Claims, 5 Drawing Sheets
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FREQUENCY DIVISION CLOCK
ALIGNMENT USING PATTERN SELECTION

BACKGROUND

This invention relates to clock signal generation for an
integrated circuit.

A clock on an integrated circuit 1s often distributed over a
network that imposes a significant delay to the clock, but that
yields synchronization of the distributed clock at remote
nodes of the network. For example, a tree structure may be
used for such clock distribution. In some systems, the clock 1s
generated such that 1t 1s synchronized with an external refer-
ence clock at the leaves of the network.

It may be desirable to divide the clock to reduce the clock-
ing rate of circuitry, for example, to reduce power consump-
tion. However, such clock frequency division may result in
the clock not being suitably synchronized with the external
clock reference.

SUMMARY

In a general aspect, an approach to generating a clock
signal can provide the ability to divide the frequency of a
clock while maintaining suitable synchronization with an
external clock reference.

In one aspect, 1n general, a method for generating a clock
signal includes, at a root node of a clock distribution network,
receiving a first clock. At a first leat node of a plurality of leat
nodes of the clock distribution network, a reference event 1s
detected and a synchromizing signal 1s generated based on the
detection of the reference event. The synchronizing signal 1s
passed along a synchronizing signal path from the first leaf
node to the root node via one or more clocked storage cells,
cach storage cell being clocked from a corresponding point
within the clock distribution network. At the root node, a
second clock 1s generated from the first clock synchronized to
the synchromizing signal received at the root node. The sec-
ond clock at the root node 1s synchronized to the synchroniz-
ing signal with a shift in time between corresponding edges
that represents a propagation delay through the clock distri-
bution network. The second clock 1s distributed to the leaf
nodes of the clock distribution network. The generating of the
second clock results 1n the second clock recerved at the first
leat node being synchromized to the detected reference event.
The second clock at the first leaf node 1s synchronized to a
signal that caused the reference event without any siit 1n time
between corresponding edges.

In another aspect, in general, circuitry for generating a
clock signal includes a clock divider having an output
coupled to a root node of a clock distribution network having
clock distribution paths to a plurality of leaf nodes for dis-
tributing a clock signal to the leal nodes. A synchromizing
signal generator 1s coupled to a first leal node of the plurality
of leal nodes of the clock distribution network. A synchro-
nizing signal path from the first leal node to the root node 1s
used for passing a synchronizing signal from the first leaf
node to the root node. The synchronizing signal path includes
one or more clocked storage cells each having a clock mput
coupled along a clock distribution path of the clock distribu-
tion network from the root node to the first leat node. The
synchronizing signal generator has an output coupled to an
input of the synchronizing signal path and includes a refer-
ence event detection circuit for generating the synchronizing
signal. The clock divider includes an input for receiving a
generated clock and an iput coupled to the synchronizing
signal path, and includes a divided clock generator configured
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to generate a divided clock from the received generated clock
synchronized to the synchronizing signal received via the
synchronizing signal path.

In another aspect, 1n general, a non-transitory computer
readable medium storing a data structure which 1s operated
upon by a program executable on a computer system, the
program operating on the data structure to perform a portion
ol a process to fabricate an integrated circuit including cir-
cuitry described by the data structure, the circuitry described
in the data structure including some or all of the circuitry for
generating a clock signal referenced above.

In another aspect, 1n general, a method for generating a
clock signal includes: at a root node of a clock distribution
network, receiving a first clock signal generated based on a
reference clock signal; at a first leat node of a plurality of leat
nodes of the clock distribution network, detecting a reference
event associated with the reference clock signal and generat-
ing a synchronizing signal based on the detection of the
reference event; passing the synchronizing signal from the
first leal node to the root node; at the root node, generating a
second clock signal from the first clock signal synchronized
to the synchronizing signal receirved at the root node, and
distributing the second clock signal to the leal nodes of the
clock distribution network, the generating of the second clock
signal including selecting a repeating pattern of cycles of the
first clock signal, wherein the repeating pattern includes
tewer than all of the cycles of the first clock signal, and at least
every cycle of the first clock signal that 1s shifted 1n time by a
propagation delay with respect to a rising edge of the refer-
ence clock signal or every cycle of the first clock signal that 1s
shifted 1n time by a propagation delay with respect to a falling
edge of the reference clock signal.

Aspects can include one or more of the following features.

Detecting the reference event includes detecting a rising
edge of said reference clock signal or detecting a falling edge
of said reference clock signal.

Generating the second clock signal from the first clock
signal includes selecting a repeating pattern of cycles of the
first clock signal wherein the repeating pattern 1s synchro-
nized to the recerved synchronizing signal, the repeating pat-
tern having a length equal to a length of the number of con-
secuttve cycles of the first clock signal in each cycle of the
reference clock signal.

The second clock signal recerved at the first leaf node has
an edge aligned with every rising edge of the reference clock
signal or aligned with every falling edge of the reference
clock signal.

Generating the second clock signal from the first clock
signal includes selecting a repeating pattern of cycles of the
first clock signal, wherein the repeating pattern 1s synchro-
nized to the received synchronizing signal, the repeating pat-
tern having a length N.

Generating the second clock signal includes accepting an
input representing a division factor M and determining the
repeating pattern of cycles according to the division factor
such that a rate of the second clock signal 1s approximately a
rate of the first clock signal divided by the division factor.

The rate of the second clock signal corresponds to a num-
ber of rising edges 1n the repeating pattern of cycles or a
number of falling edges 1n the repeating pattern of cycles
divided by the time duration of the repeating pattern of cycles.

Generating the second clock signal comprises setting a
counter to a first value upon receipt of the synchronizing
signal, and clocking the counter using the first clock signal 1n
a cyclic sequence of count values, each cycle of length N.

In another aspect, 1n general, circuitry for generating a
clock signal includes: a clock generator having an output that
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provides a generated clock signal that 1s generated based on a
reference clock signal; a clock divider having an input
coupled to the output of the clock generator and an output
coupled to a root node of a clock distribution network having
clock distribution paths to a plurality of leal nodes for dis-
tributing a divided clock signal to the leal nodes; a synchro-
nizing signal generator coupled to a first leal node of the
plurality of leaf nodes of the clock distribution network; and
a synchronizing signal path from the first leat node to the root
node for passing a synchronmizing signal from the first leaf
node to the root node; wherein the synchronizing signal gen-
erator has an output coupled to an input of the synchronizing
signal path and includes a reference event detection circuit for
generating the synchronizing signal in response to areference
event associated with the reference clock signal; and wherein
the clock divider includes an 1nput coupled to the synchro-
nizing signal path, and includes a divided clock generator
configured to generate the divided clock signal from the gen-
erated clock signal by selecting a repeating pattern of cycles
of the generated clock signal, wherein the repeating pattern
includes fewer than all of the cycles of the generated clock
signal, and at least every cycle of the generated clock signal
that 1s shifted 1n time by a propagation delay with respectto a
rising edge of the reference clock signal or every cycle of the
generated clock signal that 1s shifted in time by a propagation
delay with respect to a falling edge of the reference clock
signal.

Aspects can include one or more of the following features.

The reference event includes a rising edge of said reference
clock signal or a falling edge of said reference clock signal.

Generating the divided clock signal from the generated
clock signal includes selecting a repeating pattern of cycles of
the generated clock signal wherein the repeating pattern 1s
synchronized to the synchronizing signal, the repeating pat-
tern having a length equal to a length of the number of con-

secutive cycles of the generated clock signal 1n each cycle of
the reference clock signal.

The divided clock signal recerved at the first leat node has
an edge aligned with every rising edge of the reference clock
signal or aligned with every falling edge of the reference
clock signal.

Generating the divided clock signal from the generated
clock signal includes selecting a repeating pattern of cycles of
the generated clock signal, wherein the repeating pattern 1s
synchronmized to the recerved synchronizing signal, the
repeating pattern having a length N.

Generating the divided clock signal includes accepting an
input representing a division factor M and determining the
repeating pattern of cycles according to the division factor
such that a rate of the divided clock signal 1s approximately a
rate of the generated clock signal divided by the division
factor.

The rate of the divided clock signal corresponds to a num-
ber of rising edges 1n the repeating pattern of cycles or a
number of falling edges in the repeating pattern of cycles
divided by the time duration of the repeating pattern of cycles.

Generating the divided clock signal comprises setting a
counter to a first value upon receipt of the synchronizing
signal, and clocking the counter using the generated clock
signal 1 a cyclic sequence of count values, each cycle of
length N.

Aspects can have one or more of the following advantages.

Frequency division of a clock (GCLK) can be achieved
while maintaining the alignment to an external reference
clock (REF), which 1s running at an integer submultiple of the

GCLK frequency.
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Other features and advantages of the invention will become
apparent from the following description, and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram of a clock generation system.

FIG. 2 1s a timing diagram of clocks 1n the system of FIG.
1.

FIG. 3 1s a schematic of a synchromizing signal path.

FIG. 4 a timing diagram of signals 1n the system of FIGS.
1 and 3.

FIG. 5 1s a block diagram of a implementation of a clock
divider.

DESCRIPTION

Referring to FIG. 1, a clock generation system 100 for an
integrated circuit generates various clock signals (or simply
“clocks™) that exhibit synchronization characteristics that
may be useful (or required) for operation of the integrated
circuit. The system 100 makes use of a reference clock (REF,
also referred to below as ¢,), which may be provided exter-
nally to the mtegrated circuit. This reference clock 1s used by
a clock generator 105 to generate a derived clock (GCLK,
also referred to below as ¢, ) with N times the clock rate of the
reference clock. A clock divider 110 either passes the derived
clock ¢, without modification or after clock division accord-
ing to a factor M as to its output. The approach to clock
division 1s described 1n detail below. The divided clock output
(DIV, also referred to below as ¢,) of the clock divider 110 1s
passed to a clock distribution network, 1n this 1llustration in
FIG. 1 a clock tree 150, which distributes the divided clock to
the leaves of the clock tree. Is should be recognized that a tree
1s only one possible form of distribution network and other
structures of network can be used. In general, the propagation
time from the root to the leaves of the clock tree 150 can be
more than one clock cycle, and for a balanced clock tree 150
the propagation times from the root to the leaves of the clock
tree 150 are substantially equal. The clock generator 105, for
example, uses a Phase-Locked Loop (PLL) approach and
compensates for the delay through the clock tree. In some
implementations, the delay compensation can be performed
using a Delay-Locked Loop (DLL) connected to the output of
the PLL. This delay 1s tuned such that the clock generator 105
causes the rising edge of the reference clock (¢,) at aleaf to be
aligned with the rising edge of the clock signal ¢, ***” at the
leat when there 1s no clock division. That 1s, 1f M=1, and

therefore ¢, 9=, R0 at the root (as indicated by the
superscript “(ROOT)”) of the clock tree 150, at the leaf each
the rising edge of distributed clock ¢, ““**” is aligned with the
rising edge of the ¢,. While the synchronization procedures
are described herein with respect to a particular leaf, 1t 1s
understood that synchromization may be attained at each of
multiple leaves to the extent that the timing of the reference
clock ¢, 1s substantially the same at each leaf.

In some situations, it 1s desirable to divide the distributed
clock by a factor M, for example, to reduce power consump-
tion of clocked circuitry. If N 1s a multiple of M, and the
O, X were generated from ¢, %““?’ according to a divi-
sion by M that is achieved by passing every M™ clock pulse,
then it is possible that each rising edge of ¢, “**? would be
aligned with the rising edge of the ¢, at the leaves ol the clock
tree, but 1t 1s also possible that the rising edges of ¢, would
never be aligned with a rising edge of ¢,“***”. Furthermore,
if N 1s not a multiple of M, then division by M may result 1n
some rising edges of ¢, being aligned with a rising edge of
o, 54 and some not. Clock divider 110 implements an




US 9,411,361 B2

S

approach that guarantees that for any M=1 the dertved clock
¢, has a clock pulse aligned with each cycle of the
reference clock, and more particularly 1n this embodiment,
that ¢, “***? has arising edge aligned with each rising edge of
the reference clock ¢,,.

Referring to FIG. 2, a situation in which N=9 1s illustrated
such that there are N=9 clock periods of ¢, for every period of
¢,. Note that 1n practice, the value of N may be much larger,
for example, N=50, while N=9 1s chosen for here for 1llustra-
tion. In the case that there 1s no clock division (M=1), the
clock at the leaf, ¢,“**? (DIV M=1) is simply a delayed
version of the generated clock at the root, ¢,¥““?, In this
illustration, the delay through the clock tree 150 1s approxi-
mately 1.2 clock periods T, of the generated clock ¢,. As
illustrated by the dotted lines 1n FIG. 2, each rising edge of the
reference clock ¢, (occurring at the times at which they would
occur at the synchronized leaf of the clock tree 150) 15 aligned
with the rising edge of a clock pulse of ¢, >4 (DIV M=1).

For M=1, operation of the clock divider 110 can be under-
stood by the 1llustration of a division by M=4. The system 100
1s configured, as described 1n more detail below, to enable the
clock divider 110 to generate a periodic output signal that has
most rising edges occurring at a divided frequency, and
retains additional pulses whose rising edges are synchronized
with the reference clock ¢, which does not sacrifice a desired
power savings ol operation at the lower divided frequency. In
this case, ¢, "7 (DIV M=4) has a clock pulse aligned with
each rising edge of ¢, (these pulses are indicated by dashed
circles), and other pulses separated by no more than M—-1=3
inhibited pulses. In this example, 11 the cycles of the an
undivided clock (GCLK) are numbered 0,1,2,...,7,8,0, 1,
2, such that cycle 0 of the undivided but delayed clock at the
leaf ¢, “#4) (DIV M=1) is aligned with the reference clock
¢, rising edge, clock pulses 0, 4, 8, 0, 4, . . . of ¢, 9D are
selected (1.e., retained) and the others are inhibited to form
¢, EC9? atthe root. The clock divider 110 generates the clock
o, E?? both to have such a pattern, and also to ensure that
the corresponding pattern at the leaf ¢, (DIV M=4) is
aligned with (1.e., has coincident rising edges with) the refer-
ence clock ¢, at the leat. For example, a misaligned sequence
that retained pulses 2, 6, 1, 2, . . . would not be suitable.

The clock divider 110 does not simply make use of ¢, at the
root to properly align the divided clock pattern. Rather, a sync
generator 120 coupled to atleast one leat detects a rising edge
of ¢, at the leal and generates a synchronization signal at the
detected time at the leaf. This synchronizing signal 1s propa-
gated to the clock divider 110 at the root of the clock tree
along a synchronizing signal path. The synchronizing signal
path for propagating the synchronization signal from the leaf
to the root of the tree may include a series of clocked storage
cells (e.g., tlip flops), such that the propagation of the syn-
chronization signal takes a fixed number cycles of the clock
being distributed over the clock tree. Generally, the clock
divider 110 makes use of knowledge of this fixed number of
cycles, and the factors M and N, to select pulses of the gen-
erated clock ¢, ““““? to form ¢, *““??, such that after propa-
gation ¢, "4 is aligned as desired with the reference clock
¢,. Alternatively, in some implementations, 1f the propagation
delay over the path from the root to the leaf of the clock
distribution network 1s less a full period T, of the generated
clock ¢,, then 1t may be possible to provide a synchronizing
signal path without any clocked storage cells.

Referring back to FIG. 1, the synchronizing signal path of
a synchronizing signal SYNCY#4%) at a leaf of the clock tree
150 to yield a synchronizing signal SYNCY¥? passes
through a number of thp-flops 162, and over clock distribu-
tion lines 164 linking the thp-flops. In FIG. 1, there are K=4
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tlip-tflops 162 on the path from the leaf to the root. In this
example, these flip-tlops are clocked on the negative edge of
the clock signals at respective points (A, B, C, D) along the
distribution lines 164. Note that the flip-tflops are arranged
along a clock path from the root to the leaf of the clock tree
150 (or at points 1n the distribution network with equivalent
delay from the root node), and therefore due to the propaga-
tion delay of the clock signal, are clocked in succession. Of
course, any ol a variety of implementations could be used 1n
which various digital circuitry, such as the flip-flops 162, are
clocked on the positive edges 1nstead of the negative edges, or
on the negative edges instead of the positive edges, as long as
the entire system 100 1s designed consistently to use the
appropriate clock edges at the appropnate locations.

Referring to FIG. 3, the K=4 flip-flops 162, are 1llustrated

in schematic form with the clock distribution lines 164 sepa-
rating the flip-tlops 162. In this example, the propagation
delay along each of the lines 164 1s about 40% of a period of
¢,, such that the total delay from the root to the leat of the
clock distribution network 1s about 1.2 times the period of ¢, .
A more precise constraint on the relationship between the
period of ¢, and the propagation times along lines 164
between the tlip-tlops 162 1s discussed below.

Referring to FIG. 4, a transition from an undivided clock
(M=1) to a divided clock (M=4) i1s illustrated. During the

undivided phase, ¢, 57D =¢p, *°D is generated such that
alfter propagation through the clock distribution network,
o, 4 is aligned with ¢, as indicated by the left-most
dotted vertical line. When the clock divider 110 receives an
input to make a transition to M=4 clock division, it continues
to pass each clock pulse of ¢, %?“? as the divided clock
¢, 9D until it receives a synchronizing signal from the leaf.
The clock divider 110 1gnores subsequent synchronizing sig-
nals 1t receives until the division factor M 1s again changed.
Alternatively, there may be an explicit signal that enables and
disables the division even without the division factor M
changing. When division 1s disabled, the undivided clock
would again be provided.

At the leat, the sync generator 120 generates a synchroniz-
ing signal SYNCY*4 at the first clock pulse of the received
clock ¢, “=4 after it detects the rising edge of the reference
clock ¢,. This synchromizing signal 1s passed through the
series of flip-flops 162 that are 1llustrated 1n FI1G. 3 and in FIG.
1. Continuing to refer to FIG. 4, with the flip-tlops 162
clocked on the falling edges of the clock signal 1n the clock
distribution network, the synchronizing signal propagates
back to theroot. Note that at the root, the synchronizing signal
SYNC®YD i5 asserted K=4 clock cycles after the clock
pulse of ¢, " that after propagation to the leaf was aligned
with ¢,. Therefore, after the arrival of the synchromizing
signal at the root, there remain N-K=9-4=5 cycles before the
next clock pulse of ¢, ¥“°? that would propagate through the
clock distribution network to be synchronized with ¢,. Gen-
erally, the clock divider 110 uses the arrival of the synchro-
nizing signal at the root of the clock tree to 1nitialize a cyclic
counter (1.¢., counting 1n a cycle of length N), with count n.
The count sequence 1s 1llustrated in FIG. 4. In this embodi-
ment, the counter 1s 1nitialized at n=K, and then increments
the counter K, K+1,...,N-1,0, 1, . .. on the negative edges
of ¢, F9D Clock pulses of ¢, #““? generated at n=0 propa-
gate to the leaf of the tree to be aligned with the rising edge of
¢,. Theretfore, the clock divider 110 decodes the counter value
n to select pulses of the generated clock ¢, *““? at n=0 as
well as at intervals n=M, 2M,, . . . etc for n<N. For the case of
N=9 and M=4, the clock divider 110 selects the clock pulses

at n=0, 4, and 8. Reversion to an undivided clock (M=1) 1s
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performed by the clock divider 110 by again passing all the
pulses of ¢, “““?) until it yet again receives a signal to divide
the clock.

Referring to FIG. 5, one of many alternative implementa-
tions of the clock divider 110 1s shown. Load/enable logic 1s
responsive to the SYNCY¥??) signal from the leaf to assert a

load 1mput of a mod N counter 330 thereby initializing the
counter to K as discussed above and enable the counter after

the recerving the synchronizing signal. Select logic 540 uses
the count output of the counter 530 to generate a select signal
that 1s passed to an AND gate 550. The AND gate selects the
pulses of the clock ¢,%““? to generate the divided clock
¢, ") Note that alternative implementations of the clock
divider do not necessarily use a counter while maintaining the
same function. For example, rather than a counter, a shift
register, multiple counters (e.g., one with a cycle of length N
and one with a cycle of length M) or an arrangement of
tlip-flops can be used to generate a select signal that passes the
selected pulses of ¢, #99%.

Note that the approach above does not depend on the spe-
cific period of ¢,. For example, if the period of ¢, 1s doubled,
then 1nstead of the delay through the example clock tree 150
of FIG. 1 being 1.2 periods, the delay would be 0.6 periods.
However, the propagation of the synchronizing signal would
nevertheless take K=4 periods to propagate from the leaf to
the root. Therefore, correct operation 1s maintained. The
clock period of ¢, can be reduced subject to a timing con-
straint that can be understood with reference to FIG. 3. Con-
sider for example a falling edge of ¢, passing point “A” at
time 0. The flip-tlop at poimnt “B” will be clocked at the
propagation delay from point “A” to point “B” along path
164. There1s then a clock-to-Q delay for the flip-flop 162, and
a propagation delay from the output (Q) of the thip-tlop 162 to
the mput (D) of the next tlip-tlop 162. The mput needs to be
setup for at least the minimum setup time for the flip-flop.
This must all happen before the next falling edge of the ¢,
clock at point “A”, which occurs at time T,, the period of ¢,.
Generally, there are the following constraints.

Setup Constraint:

75 > (clock propagation time between flip-flops along path 164 +
clock-to-Q delay of thp-flop 162 +

signal propagation time between flip-flops +

setup time for D input of flip-flop 162)

Hold Constraint (Typically Independent of Clock Fre-
quency):

(clock propagation time between flip-flops along path 164 +
clock-to-Q delay of thp-flop 162 +

signal propagation time between flip-flops) >

hold time for D input of flip-flop 162

In general, N will be greater than K. However, this 1s not
required as instead 1f mitializing the counter n at K as
described above, 1t can be 1mitialized at K mod N to achieve
the required alignment. Also, the approach 1s not dependent
on a particular delay through the clock distribution network
remaining stable. As long as the constraint on the period T, 1s
maintained, then the approach continues to function correctly
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even 1i the clock delay changes, for example, due to power of
environmental (e.g., temperature) changes.

It should be understood that although discussed in the
context of generating a divided clock ¢, to be aligned with a
reference clock ¢, the approach can be applied to a variety of
situations in which a clock ¢, “““? must be generated so that
alter propagation over a delay path 1s synchronized to an
reference event that 1s detected at the end of the delay path.
The nising or falling edge of a reference clock 1s but one
example of a reference event to which the clock 1s to be
synchronized. Furthermore, clock division 1s but one example
ol the type of clock that can be synchronized with the refer-
ence event using the approaches described above.

In some 1mplementations, a computer accessible storage
medium 1ncludes a database representative of the system 100.
Generally speaking, a computer accessible storage medium
may include any non-transitory storage media accessible by a
computer during use to provide mnstructions and/or data to the
computer. For example, a computer accessible storage
medium may include storage media such as magnetic or
optical disks and semiconductor memories. Generally, the
database representative of the system may be a database or
other data structure which can be read by a program and used,
directly or indirectly, to fabricate the hardware comprising
the system. For example, the database may be a behavioral-
level description or register-transier level (RTL) description
of the hardware functionality 1n a high level design language
(HDL) such as Verilog or VHDL. The description may be read
by a synthesis tool which may synthesize the description to
produce a netlist comprising a list of gates from a synthesis
library. The netlist comprises a set of gates which also repre-
sent the Tunctionality of the hardware comprising the system
100. The netlist may then be placed and routed to produce a
data set describing geometric shapes to be applied to masks.
The masks may then be used 1n various semiconductor fab-
rication steps to produce a semiconductor circuit or circuits
corresponding to the system 100. In other examples, the data-
base may 1itself be the netlist (with or without the synthesis
library) or the data set.

Other embodiments are within the scope of the following
claims.

What 1s claimed 1s:

1. A method for generating a clock signal, comprising;:

at a root node of a clock distribution network, receiving a

first clock signal generated based on a reference clock
signal;

at a first leaf node of a plurality of leal nodes of the clock

distribution network, detecting a reference event associ-
ated with the reference clock signal and generating a
synchronizing signal based on the detection of the ref-
erence event;

passing the synchromizing signal from the first leaf node to

the root node;

at the root node, generating a second clock signal from the

first clock signal synchronized to the synchronizing sig-
nal received at the root node, and distributing the second
clock signal to the leal nodes of the clock distribution
network, the generating of the second clock signal
including selecting a repeating pattern of cycles of the
first clock signal, wherein the repeating pattern includes
fewer than all of the cycles of the first clock signal, and
at least every cycle of the first clock signal that 1s shifted
in time by a propagation delay with respect to a rising
edge of the reference clock signal or every cycle of the
first clock signal that 1s shifted 1n time by a propagation
delay with respect to a falling edge of the reference clock

signal.
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2. The method of claim 1 wherein detecting the reference
event includes detecting a rising edge of said reference clock
signal or detecting a falling edge of said reference clock

signal.

3. The method of claim 2 wherein generating the second >
clock signal from the first clock signal includes selecting a
repeating pattern of cycles of the first clock signal wherein the
repeating pattern 1s synchronized to the received synchroniz-
ing signal, the repeating pattern having a length equal to a
length of the number of consecutive cycles of the first clock 10
signal 1n each cycle of the reference clock signal.

4. The method of claim 2 wherein the second clock signal
received at the first leal node has an edge aligned with every
rising edge of the reference clock signal or aligned with every
falling edge of the reference clock signal. 15

5. The method of claim 1 wherein generating the second
clock signal from the first clock signal includes selecting a
repeating pattern of cycles of the first clock signal, wherein
the repeating pattern 1s synchronized to the recerved synchro-
nizing signal, the repeating pattern having a length N. 20

6. The method of claim 5§ wherein generating the second
clock signal includes accepting an input representing a divi-
s1on factor M and determining the repeating pattern of cycles
according to the division factor such that a rate of the second
clock signal is approximately a rate of the first clock signal 2>
divided by the division factor.

7. The method of claim 6 wherein the rate of the second
clock signal corresponds to a number of rising edges 1n the
repeating pattern of cycles or a number of falling edges 1n the
repeating pattern of cycles divided by the time duration of the 3
repeating pattern of cycles.

8. The method of claim 5 wherein generating the second
clock signal comprises setting a counter to a first value upon
receipt of the synchromizing signal, and clocking the counter
using the first clock signal in a cyclic sequence of count 39
values, each cycle of length N.

9. Crircuitry for generating a clock signal, comprising:

a clock generator having an output that provides a gener-
ated clock signal that 1s generated based on a reference
clock signal; 40

a clock divider having an input coupled to the output of the
clock generator and an output coupled to a root node of
a clock distribution network having clock distribution
paths to a plurality of leal nodes for distributing a
divided clock signal to the leaf nodes; 45

a synchronizing signal generator coupled to a first leaf
node of the plurality of leat nodes of the clock distribu-
tion network:; and

a synchronizing signal path from the first leal node to the
root node for passing a synchronizing signal from the >©
first leat node to the root node;

wherein the synchronizing signal generator has an output
coupled to an mput of the synchromizing signal path and
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includes a reference event detection circuit for generat-
ing the synchromzing signal 1n response to a reference
event associated with the reference clock signal; and

wherein the clock divider includes an input coupled to the
synchronizing signal path, and includes a divided clock
generator configured to generate the divided clock sig-
nal from the generated clock signal by selecting a repeat-
ing pattern of cycles of the generated clock signal,
wherein the repeating pattern includes fewer than all of
the cycles of the generated clock signal, and at least
every cycle of the generated clock signal that 1s shifted in
time by a propagation delay with respect to arising edge
of the reference clock signal or every cycle of the gen-
crated clock signal that 1s shifted 1n time by a propaga-
tion delay with respect to a falling edge of the reference
clock signal.

10. The circuitry of claim 9 wherein the reference event
includes a rising edge of said reference clock signal or a
falling edge of said reference clock signal.

11. The circuitry of claim 10 wherein generating the
divided clock signal from the generated clock signal includes
selecting a repeating pattern of cycles of the generated clock
signal wherein the repeating pattern 1s synchronized to the
synchronizing signal, the repeating pattern having a length
equal to a length of the number of consecutive cycles of the
generated clock signal 1n each cycle of the reference clock
signal.

12. The circuitry of claim 10 wherein the divided clock
signal received at the first leal node has an edge aligned with
every rising edge of the reference clock signal or aligned with
every falling edge of the reference clock signal.

13. The circuitry of claim 9 wherein generating the divided
clock signal from the generated clock signal includes select-
ing a repeating pattern of cycles of the generated clock signal,
wherein the repeating pattern 1s synchronized to the recerved
synchronizing signal, the repeating pattern having a length N.

14. The circuitry of claim 13 wherein generating the
divided clock signal includes accepting an imput representing
a division factor M and determining the repeating pattern of
cycles according to the division factor such that a rate of the
divided clock signal 1s approximately a rate of the generated
clock signal divided by the division factor.

15. The circuitry of claim 14 wherein the rate of the divided
clock signal corresponds to a number of rising edges 1n the
repeating pattern of cycles or a number of falling edges 1n the
repeating pattern of cycles divided by the time duration of the
repeating pattern of cycles.

16. The circuitry of claim 13 wherein generating the
divided clock signal comprises setting a counter to a first
value upon receipt of the synchronizing signal, and clocking
the counter using the generated clock signal 1n a cyclic
sequence of count values, each cycle of length N.
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